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« - ^ Dhotoinitiator basic structure N ^"^* R 
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where 



.!> J 



i. 2 



9 ' 



■ s H ' C,_ 12 -aUyi, halogen or the RG-A- group, 

or two R 1 radicals in rhe ortho position . . . n 
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to the carbonyl group together are 
a 1 1 erna t i vet y -S-, 
R is H, halogen, Ci-i 2 -aiieyl or C i--j 2 -alkoxy or 
the RG-A- group, 

5 4 

R * in each case independently of one another 

are H, C^^-aUyl, C ^_ - 2 -al kenyl , C-_ 12 - 
alkoxy or phenyl, or together are C 2 _$- 
alkylene. 



R * s c 1-6~ a *> k y^ C i_$-al kanoyl , phenyl or benzoyl, 
each of which is optionally substituted 
by halogen, Ci_ 0 -alkyl or Ci- c -alkoxy, 
R? is H * C 1 . 6 -alkyl or C « _ 6 -a I k anoy t , 
is a spacer group I C ( CH 2 > Q T ] n -C ( CH 2 ) Q X 3 i 
where 

X, Y and Z, in each case independently, of one 

another, are a single bond -0-, -S-, -NH-, 
-CO-, -C00-, -C0NH-, -0-C0-, -NH-C0- or 
-NH-C00-, 
I and a are the numbers 1 to 
n and o are the nuabers 0 to ~ 
*-^/ is one of the functional reactive groups H0-, HS-, 
H 2 N-^ halogen, H0-C0-, H 2 N-C0-, 0 = C=N-, S=C=.N-, N3- 
SO3H, S0 2 CI; a c R b C=CR a - where R a , R b and R c are in 
each case H or CH3, and with the proviso that Z is 
not -COO- when n is 0 and R S is OR 7 ; RG is 
furthermore halogen, cyclopropyl, oxiranyl, 
0=c=N-R d where R d is C j- 6 -alkylene or phenylene, 
N 2 ~"^3~' < R e ) 3S i where R e is halogen, C-j. 12 -alkyl, 
c 1- i 2 -alkoxy or C 1 _ -| 2 -a I k anoy I o x y 
as coreactive pho to in i t i a tors for pho topolymer i za t ion of 
systems containing ethy len ical ly unsaturated coapounds. 
2. Use of the coapounds of the general foroula I 

iccording to Claio 1 together with known pho to in i t i a tor s 
and/or sens i t i ters . 
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5 - Process for oho t odoI yaer i za t i on of systers con- 

.a.n,n S ethylenically unsaturated coaoounds, characterized 
-hat at least one coopound of the formula I is added as 
a "reactive photoin i t iator to the =i*: u re to be poly- 
" n;e<1 bef ° re fit«-tion of the photocotyoer i zat ion. 

: *- The coopounds of the foroula I 

^^-Coxirany lffle thoxy)ethoxy]pheny l 2-hydroxy- 2 - 9 ropy L 

< e tone 

^-aunoxyethoxyjphenyt 2 -hydr 0 xy- 2 -prop yl ketone 

-^-(3-tr,et h oxysilyLpro 0 oxy)ethoxy]p h enyL 2-hydroxy-2- 

orocyi. ketone 

'-(2-a S idoethoxy,p h , nyl 2- hy droxy-2-Prooyl ketone 
-v hy dr 0xycarbonyloethoxy)Dhenyi 2 . hydroxy _ 2 _ ppopyi ketenfl 

^-allyloxyphenyt 2-hydroxy- 2 -p ro?yl keton „ 

'-ox^an.Uetho^en^ 2-hydroxy- 2 - Dr0 p yl ketone 

'-^-^"ethoxysUyUpropoxyJphenyl 2 -hydroxy-2- 0 ropy «. 

ketone 

^:2-(3-triethoxysilyip rooyUhio)9thyUshenyl 2 _„ 
oropyl ketone 

'-(2-chloroethoxy)pheny l ( 2 -hydroxy- 2 -p r0 py i , ketone 
^-(oxirany la ethoxycarbonyL.ethoxy)p fl enyt 2 -hycrox y - 2 - Dr0 o yl 



4-oxiranyl 0 ethoxyp h enyL a- i sopropoxyben; v L intone 
^C3-(triethoxysilyL,p ro0Oxy 3 0heRyl a -i,ooropo«yb.n= y i 

<etone 

--oxiranyl.ethoxyphenyt a,a-d i« thoxybenzy (. ketone 
'-C J -( C riethox y$ i l y l , oroooxy]ohenyl _ Q Q . d . fflethoxyben 

ketone 

'-(2-isocyanatoethoxy)p he nyl 2-hydroxy-2- 0f 0Dyl ketone 

-(2-,sothiocy 3 natoethoxy)p he „ yl 2 -hydro*y- 2 -p ropyl k „ tone 
^-Cc-hydroxy-2- n ethy loropionyl)Qhenoxyacetaa . de 

4-( 2 -hvdro«y- 2 - a ethylorooionyl) 0h eno,yacetohydrazide # 
N-Ci-(2-h y droxy-2- ae thylpropionyl)ohenoxy acetyU . 

hydroxy I aa ine ' ;>ri;-*- 

.••J».i-. 

K-[4-(2-hydcox>-2- Ble thyl P ropion yi ,phe„oxyac e tyl ] . M .. • Jfc 

acryloylhydrazine 

4-ioocyanotoaethoxypbenyl 2-hydro*y- 2 - propyl ketene 
-irrrl ^(a-bydroxy-J-metbylpropionyl, pbenoxy.ct.te 
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7-{ 2-bydroxyethylthio) thioxanthone 
2-(2-amxnoethylthio) thioxanthone 
2-[2-(acryl6yloxy) ethylthio] thioxanthone 

1- (2-(acryloylaaino) ethylthio]- thioxanthone 

2- [2-(allyloxy) ethylthio] thioxanthone 
2-[2-( x allylaciino) ethylthio] thioxanthone 

2- [ 2- ( 6-isocyanatobexy laminocarbonyloxy ) ethoxy ] 
2-(oxiranylmethoxy) thioxanthone 
2-[3-(triethoxysilyl) propoxy] thioxanthone 
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Complete Specification for the invention entitled co«£«crciM€ 
PHOTOINITIATORS. 

The following statement is a full description of this invention 
including the best method of performing it known to me:- 
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The invention relates to coreactive photo i n i t i a rors 
or rhotooolynerization of systems containing ethylenicaUy 
l. isaturated compounds. 

Photochemically induced polymerization reactions 
5 rive taVen on great importance in industry, in particular 
when rapid hardening of thin layers is important, such as, 
for example, on hardening of paint and resin coatings on 
paper, metal and plastic, or on drying of printing inks, 
since these processes are distinguished compared to con- 
10 ventional methods of printing and coating objects through 
e saving in raw materials and energy and less environ- 
t ntrl pollution. However, the preparation of polymer 
materials per se through polymerization of appropriate 
unsaturated monomeric starting materials is also frequently 
15 carried out photochemically, it being possible to use con- 
ventional processes such as solution and emulsion 
polymerization. 

Since, in the reactions mentioned, none of the 
-eactants is generally capable of absorbing the photo- 
20 chemically active radiation to an adequate extent, it is 
necessary to add so-called photo in i t i a tors which are 
capable of either absorbing incident high-energy radia- 
tion, usually UV light, to form active starter radicals, 
wh:ch themselves initiate the photopolyneri zat ion, or of 
25 transferring the absorbed energy to one of the polymeri- 
rable reactants for free-radical formation. The initia- 
ls do not normally oarticipate in the actual polymer- 

iration reaction. 

The major initiators which have hitherto been 
30 .toyed for photopol yaer i zat ion of unsaturated compounds 

t-nrophenone derivatives, benzoin ethers, benzil 
■<-:j-.s, dibenrosuberone derivatives, anthraou inones. 
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xanthones, th i ox an t hones , a-hal oac e t oohenone derivatives, 
dialkoxyacetoohenones and hydroxyal ky I phenones . 

As is known, however, the industrial applicability 
or -any of the substances mentioned is limited, in soae 
5 cjs.'S considerably, by a nuaber of disadvantages. These 
nc'.L'de, in particular, a frequently unsatisfactory 
reactivity in the ability to initiate pho t oool yae r i za t i on 
of e thy len ical ly unsatura d compounds. Besides molecule- 
specific reactivity, the solubility or the ability of the 
10 pho to in i t iators to be incorporated as homogeneously as 
possible into the pho topol ymer i zabi e systems frequently 
days a crucial role here. 

Further problems are the dark-storage stability of 
the systems to which pho to i n i t i a tors have been added and 
15 the possible influencing of the final product by radicals 
or degradation products of the photo in i t i a tor. Such radi- 
cals can lead to a more or less pronounced effect on the 
o-oduct's properties, depending on the nature and quantity. 
Ii ohotopolymer ized paint coatings, the major area of 
20 application for pho to in i t i a tors , for example, such radicals 
can affect the final achievable hardness of the coating; in 
addition, undesired colour changes, for example yellowing, 
can occur, often only after a relatively long time. Ini- 
tiator radicals or degradation products thereof can become 
25 noticeable due to an unpleasant odour as a consequence of 
their more or less pronounced volatility; their diffusion 
from the coating into the surrounding media can cause 
problems, for example in packaging materials which are pro- 
vided with pho topolyaer i zed *oatings, such as, for example, 
30 cans and tubes for foods. It is precisely in this area of 
apolication that the question of applicability is defini- 
tively determined by the possible or proven toxicity of 
? ohotoini t iators and the degradation products thereof. 
A particular problem, above all with respect to 
35 bread application of photo in i t i a tors, is that they can, 
n .jrolly, only be employed in systems which essentially 
c. L ? i components having oleHnic double bonds which can 
tc volyaerized by means of free radicals. 
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rherraocur abl e systems based exclusively on ooly- 
addition or ootycondensat ion reactions which are not in- 
cuced by free radicals cannot be converted into radiation- 
curable systecis by adding free rad i c a I - f o ra i ng photoinitia- 
5 tors. Accord ingly, the choice of materials for components 
f o - radiation-curable systems is limited. Many material- 
scec ; f ic properties of ther mo curable systems cannot or 
rannot yet be used in radiation-curable systems without 
rurther action. One alternative here is provided by s o - 
10 called hybrid binder systems, in which the roocur abl e and 
jhorochenicaUy curable components are combined and in 
which the theraal and photochemical reactions can take 
place s i mul taneous I y or successively. However, compati- 
bility problems, in particular with respect to the photo- 
15 initiators to be employed frequently arise during devel- 
opment of such systems. Thus there continued to be a par- , 
ticular demand amongst experts for pho to i n i t i a tors which, 
besides excellent initiator properties and good dark 
storage stability of the systems to which they have been 
20 acfJed, also have a broad applicability, even in systems 
■*ith. o complex composition, and which can themselves, or 
their photolysis products, be bound in such systems in a 
miration-resistant manner. 

Individual steps in this direction have jlready 
25 >-.?en taken. Thus, for example, German Of f enl egungsschr i f t 
i, 534,645 and European 0 f f enl egungs sch r i f t 161,463 describe 
photo in i t i a tors of the hydroxy a I k y I phenone type which 
carry specifically olefinically unsaturated subs t i tuen t s . 
These initiators or their photolysis products can be bound 
30 into the polymer composition by copolymer i rat ion with the 
components of the radiation-curable system. They can 
alternatively initially be thermally polymerized them- 
selves and then, as polymeric and as migration-resistant 
ohotoir.itiators, introduced into the radiation-curable 
35 ;y?:ea. However, these specific copol ymer i z abl e or 

poly r -ric pho t o i n i t i a t ors have an only limited range of 
aoo'. cations. 

The invention thus had the object of finding and 
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3r0 v,din g ohotoinitiators which, if possible, should be 
structured so that, besides the ability to init.ate 
oolyaeriration of ethylenieally unsaturated compounds by 
aeans of the action of radiation, they also have the 
-rocerty of reacting with any desired components of 
radiation-curable systeas, irrespective of. whether these 
participate in the photopol yner i za t ion reaction or not, 
with the aim of stable binding into the resultant polymer 
coopos 1 1 i on . 

It has now been found that this is achieved in an 
excellent fashion by compounds of the general foraula I 

-r^TO <I> 

IN^is a photoini tiator basic structure R T. 



20 



where 



R is 



and 



3 4 5 
-CR J R*R or 



O 

-P(R 6 ) 2 , 



25 



30 



35 



is H, C^u-aLJcyl, halogen or the RG-A- grouo, 
or two R 1 radicals in the ortho position 
to the carbonyl group together are 
al ternat i vely -S-, 
is H, halogen, C,. 12 -aUyl or C ^u-alkoxy or 
the RG-A- gr.mp, 
, R 4 in each case independently of one another 
are H, d-^-alkyl, (o-iz-alkenyl, C V 12- 
alkoxy or phenyl, or together are C 2 . 6 - 
alkylene, 

is OR 7 . N(R 7 ) 2 . -iQ. - N 0°° r S0ZR7 ' 

is C^-alkyl, Cl . 6 -alkanoyl, Phenyl or benzoyl, 
each of which is optionally substituted 
by halogen, C,^-*"" 1 or c 1-6~ alkosy ' 

is H, CT-6-alkyl or C ^-alkanoyl , 



/ 




is a soacer grouo I C ( C H 2 ) 0 Y 3 n - C ( C H 2 ) a X ] L 
w h •? r •? 

Y and 2, in each case i ndeoenden t I y of one 

another, are a single bond, -0-, -S-, -NH-, 
-CO-, -C00-, -C0NH-, -0-CO-, -NH-CO- or 
-NH-COO-, 
L and a are the numbers 1 to ^, 
n and o are the numbers 0 to ^ 

is one of the functiona l reactive groups H0-, HS-, 
H 2 N-, halogen, HO-CO-, H 2 N-CO-, 0=C=N-, S=C=N-, N 3 -, 
S0 3 H, S0 2 CI; R c R b C=CR a - where R a , R b and R c are in 
each case H or CH3, and with the proviso that Z is 
not -COO- when n is 0 and R 5 is OR 7 ; RG is 
furthermore halogen, cyclopropyl, oxiranyl, 
0 = c = N-R d where R d is C ^-alky lene or phenylene, 
N 2 + — <R e >3S i where R e is halogen, C i-12-alkyl, 
c 1-12" alkoxy or Cj-^-alkanoyloxy. 
Some of the compounds of the formula I are new. 
These are highly reactive photo in i t i a tors which, irres- 
pective of their photoreact i vi ty, can enter into non- 
phot oc hem i c a I ly induced ( co) react ions and are therefore to 
be called coreactive photo in i t iators . 

In. the context of the invention, coreactions are to 
be understood as all reactions which the photo ir. i t i a tors or 
the photolysis products thereof enter into with components 
of radiation-curable systems, with themselves or alterna- 
tively with the substrate to which these or an appropriate 
radiation-curable system is applied as a paint or coating, 
and which cause fixed-location bonding of the pho to i n i t i a t- 
ors or the degradation products thereof. These coreactions 
are primarily reactions in which covalent chemical bonds 
are made. However, reactions are also possible in which the 
filing action is based on other interactions, such as, for 
exaaple, ionic or polar interactions. 

The particular advantage of the compounds according 
:c the invention over conventional photo in i t iators arises 
f-oa the presence of the reactive RG group, which is linked 
vi the spacer group A and which, in addition to specific 
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jhc cor eac t i v i c y , gives these comoounds Che oooortun uy of 
unf^.-going ncn-photocheoical reactions. The variety o f 
: j ■• ; : i v ? ^roucs allows custom notch ing to a very wide 
vr ty of apol i c a t i ons - The coreaction can rake place, 
: in^.'cendentty of the actual photoreaction before, during or 

: f : e r the latter. 

Surprisingly, this leads to an unexpectedly large 
ex; - of incorporation of the unreacted pho to i n i t i a t or s 
o- jhw co i n i t i a t or degradation products into the polyoer 
10 product which is finally obtained. This very effectively 

allows undesired influences on the properties of the final 
product to be reduced or entirely eliminated. 

In addition, fixing of pho to i n i t i a tor s directly to 
the substrate or in the fora of a coating of oligomeric, 
15 polyaeri': or copolymer i zed pho to i n i t i a tor s offers better 
anchoring of pho topo I ymer i zabl e coatings applied to the 
.at er to the substrate or better coating hardening due 
o initiator concentrations which are particularly high 
Loyally. In this application, in particular, interesting 
2C effects and new properties can be achieved. 

Many compounds of the formula I are, in addition, 
valuable synthesis intermediates on the route to further 
func t ional i red pho to i n i t i a tors or radiation-reactive 
systems having a covalently bound photoin i tiator. 
25 The invention thus relates to the use of the com- 

pounds of the formula I as coreactive photoin i t i ators for 
photopolymer i za t ion of systems containing e thylen i cal I y 
unsaturated compounds, in particular in the radiation 
curing of coatings having UV-curable paint and binder 
30 systems, above all also hybrid binder systems. 

The invention also relates to compounds of the 
or -aula I per se, so long as they are new. 

The invention furthermore relates to a process for 
.o^c topol yoer i zat ion of systems containing ethylen i cally 
!j » ^saturated compounds, at least one compound of the for- 
- 1 1 a I being added as a coreactive pho to i n i t i a to r to the 
irure before initiation of the photopolymer i za t ion. 
In addition, the invention relates to photo- 



Uymerizable systems containing at least one e thy len i c a 1 1 y 
•-n rated, photooolymeri table cocoound and, if appro- 
snacc, further kncvn and conventional additives, the 
systrris containing at least one comoound of the foroula I 
• *-. : :» reactive ohotoinitiator. 

Finally, tne invention relates to the use of 
coc j.»unds of the formula I zs synthesis intermediates in 
the -eparation of f u r th e r - f unc t i onal i zed pro to i n i t i a tor s 
and of radiation-reactive systems having a covalently bound 
o .1 c • ~ nitiator. 

The compounds of the formula I are structurally 
derived from known photo in i t i ators . In the formula I , IN 
ir any pho t o i n i t i a to r structure, which is linked to a 
functional reactive group RS via a spacer group A, which 
can, in principle, likewise be any spacer group. 

In the compounds of the foraula I, photo ini tiator 
properties of structural part IN are thus combined with the 
n.-n-pho tochemically induced reactivity i.e. coreac t i v i ty, 
of structural part RG. 

IN is essentially the aromatic ketone structural 

! 



a 1 

*s is present in virtually all classical pho to in i t i ators, 
but can alternatively be any other structures having 
photoin^tiator properties. 

If, in the aroma t ic ketone structural unit R is an 
optionally subs t i tut ed<5 QTenyl ring^ fche result is 

otoinitiators of the benzophenone serie s. If, in this 
w *e, two R 1 radicals which are ortho to the carbonyl group 
t -her fora a csuifur br i d^g jLJi>tween the phenyl rings, 
• result is thioxanthone p h o to i n i t i aJt^r-s.. Coreactive 
t oxanthone derivatives are particularly preferred 
ofcote in i t iators in the cont ext of the invention. 

If R is the C?XpR 4 R 5 gf^ MflL^>with the abovement ioned 
definitions for R 3 , and R 3 , the result is the photo- 
ir.**iator basi: structures of benzoin and acyloin ethers, 
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e ~ : 1 1 k^cUs and dial ko x y ac e r ophenone s , h ydroxyalkyl 



jf.onones and aai ; noalkylphenofies, and a- sul f onylketone s . 

Coreact ive hydr oxyalkylphenone derivatives are 
I -wis-? oorticuljrl/ preferred pho t c i n i t i a tors in the 

; '::-;oit of c h e invention. 




che resulting photo- 
-ators belong to" the class of the acylphos phine ox ides . 
fhe ^cacer group A j I inking the photo in i t i a tor basic 
1G srrc ;ure IN to the reactive functional group RG prefer- 
^Mv has the structure ZC < CHj) 0 Y] n -i: (0*2)**! ^ 

In the siaplest case, when X, Y and 2 are each a 
.ingle oond, the spacer group is an alkylene bridge , 
preferably havina 1 to 3 carbon atoos. Such an alkylene 
;5 ;rouo can also be linked to the aromatic ring of the 

0^0 to in i t i ator basic structvr* via a heteroatoa when X is 
-0- . -S- or -NH-. 

However, the alkylene bridge oay also be inter- 
. ..tec by one or more heteroatoas, which is the case when 
20 is -0-, -S- or -NH-. Jj ■■>»« < of the alkylene 

.-idge by carbonyl, carboxyl,, carboxanide or urethan e 

roups are also po-.sible. Thus, for exaople, one or more 
oxy-, thio- or aninoalkylene groups, preferably oxyethylene 
and th ioe thylone can function as spacers. Mixed hetero- 
25 alkylene bridges, in particular those containing oxygen 
and sulfur as heteroatoms are likewise possible. Depend- 
ing on the cheaical nature of the functional reactive 
group RG, the latter is linked to the spacer group in 
accordance with the definitions where I is a single bond, 
30 -0-, -S-, -NH- or a carboxyl group or a derivative 
1 rereof such as a c arboxaaide or ur ethane group. 

Suitable /reactive groups RG^ are all functional 
:uos which are easily able to enter non-photochea i c al ^jr 
- .-duce d reactions.. The aio of each such reaction is to 
3 C 0 nd the photoini t iator or photolysis products thereof 
:. :o the systea at a fixed location. Such reactions can 
tre, for exaoole, nucleophilic substitutions by or con- 
sely on the RG group such as, for exaople. 
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^ ;t?r i f icat ion, e t h e r i f i c a t i on or ao idac ion. Besides 
i.*. ogen, such as, in particular, chlorine and broaine 
:nbl? R G groucs are, above all, hydroi/U thiol, car- 

and sutfonyl grouos and the eauivalents thereof, 
ce, Joar: iron halogens, these functional grouos con- 
t:-.- acidic H atoms, they are also able to react with 
isocyanate grouos froo the system to fo. n urethanes or 
;-?:hane analogues. Conversely, :.*ie [socyar.** * grauo :s Lo 
z.'rr- 3 part ic vlarly preferred RG group since it can very 

. : . I y be reacted with components of the systeo which 
"•-tain functional groups having acidic H atoms. 

Preferred reactive RG groups are likewise those 
whi:h are able to undergo thermally initiated free-radical 
or ionic pol yae r i z a t i on, poLyaddition or polycondensa t ion 
-e?.:tions. These include the vinyl group and the mono- or 
,olyae thylated analogues thereof, and the cyclopropyl and 

ti- nyl groups. I socy ana te- f unc t ional i zed C«_ 0 -alkyl 
.roues or phenyl groups are examples of groups which are 
.apable of poly add i t ion . Insertion reactions into any 
d?s ; .red cooponents of the system can be accosplished by 
generating carbenes or free radicals, for example by oeans 
o'- the azide group as the reactive RG group. For covalent 
-ending, the typical reactions of the diaioniuo group are 
also suitable. Besides polysiloxane foraation, the silyl 
;rouo offers, in particular, the possibility of covalent 
linking to the substrate, especially when the latter is of 
an inorganic nature such as, for example, glass, ceraaic 
or metal. In accordance with the definitions given for the 
photoini tiator basic structure IN, the spacer A and the 
-active RG group, nuoerous coreactive photo in i t i a tors 
ing properties which are customized for a very wide 
jr:ety of apolications and purposes can be achieved 
through :oab inat ion. 

The coapounds of the general formula .1 can be 
creoared by standard methods of organic chemistry- The 

-ictions conditions here can be taken from standard works 
n or aarative organic chemistry, for examole, H0U8EN-VE TL 
'Men der organischen Cheaie, CMethods of Organic 
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Cheaistry], Georg-Thieme Verlag, Stuttgart, or ORGANIC 
.HESiS, J. Wiley, New York London Sydney- 
It is generally favourable to prepare the ohoto- 
•n ■ : iators according to the invention, or the precursors 

-:.* -of, by proven synthetic methods, as are coooon for the 
V 3 v n photoinitiators. 

In this oreparat ion it is advantageous to proceed 
directly f roa the known photoinitiators as starting ma- 
:e'ials and to link the spacer group A and the reactive 
c. jo RG to these in one or more steps using common re- 
2c::nns, such as substitution reactions. However, pre- 
cursors of known photoinitiators which are already suit- 
zi substituted can also be used and the actual photo- 
.. tia^or active structure be generated in these only 
when tne spacer and reactive groups are already present. 

The coopounds of the general foraula I can be used 
according to the invention as photoinitiators for photo- 
rol/ner izat ion of e thylen ical ly unsaturated coopounds or 
:r curing pho topol ymer i zable systems which contain such 
oapounds, and, in particular, also as UV hardeners for 
oa; t coatings, UV-curable binder and hybrid binder 
/stems, nrinting inks and in radiation curing of aqueous 
repolymer dispersions. This use takes place in a conven- 
tional fashion. The coopounds to be used according to the 

nvention are generally added to the systeos to be poly- 
merized in amounts from 0.1 to 20X by weight, preferably 
J. 5 to 121 by weight. 

This addition generally takes place by simple 
dissolving and stirring in since most of the photo- 
initiators to be used according to the invention are 
liquid or at least readily soluble in the systems to be 
oolyaerized. A system to be polymerized is taken to mean 

fixture of mono- or polyf unc t i onal e thy t en i c a 1 1 y un- 
saturated monomers, oligomers, prepolymers, or polymers, 
or fixtures of these oligomers, prepolymers and polymers 
vitr unsaturated monomers, which can be initiated by free 
icals, it being possible for the mixture to contain, 
: necessary or desired, further additives, such as, for 
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example, antioxidants, light stabilizers, colorants and 
oi-<*ents, but also further known pho to in i t i a tors and re- 
ar: or. accelerators. Suitable unsaturated compounds are 
ju those whose C=C double bonds are activated by, for 
?*r le, halogen atoms, carbonyl, cyano, carboxyl, ester, 
a.i..<?, ether or aryl groups or by conjugated further double 
or triple bonds. Examples of such compounds ate vinyl 
chloride, vinylidene chloride, acrylon i tr i le, methacrylo- 
*rile, acrylamide, me thac ry I am ide, methyl, ethyl, n- or 
ce :. butyl, cyclohexyl, 2-e thy Ihexyl , benzyl, phenoxy- 
eth. V, hydroxye thy I , hy drox.p ropy I , lower alkoxy ethyl, 
and t 3t rahydrof ur f uryl acrylate or me thacry I a te, vinyl 
acetate, propionate, acrylate and succinate, N-vinyl 
Dyrrolidone, N-v iny I carbazole styrene, di yinylbenzene, 
substituted styrenes and mixtures of unsaturated compounds 
of .hese types. Polyunsaturated compounds, such as, for 
example, ethylene diacrylate, 1 ,6-he x aned iol diacrylate, 
tropoxylated bisphenol A diacrylate and d ime thac ry I a te , 

r ,me thy lolpropane diacrylate and pen t ae ry t hr i tol tri- 
acr'late, can also be polymerized with the photo in i t ia tors 
used according to the invention. Suitable photopolymer- 
izable compounds are, in addition, unsaturated oligomers, 
Drepolytaers or polymers, and mixtures thereof, with un- 
saturated monomers. These include, for example, unsatura- 
ted polyesters, unsaturated acrylic materials, epoxy ma- 
terials, urethanes, silicones, am inopoly am ide resins and, 
particularly, acrylated resins, such as acrylated silicone 
oil, acrylated polyesters, acrylated urethanes, acrylated 
oolyamides, acrylated soybean oil, acrylated epoxy resin 
•*d acrylated acrylic resin, expediently in a mixture with 
.i-r or more acrylates of a mono-, di- or polyalcohol. 

The photopolymerizable compounds or systems can 
be stabilized without thereby appreciably impairing the 

-itiator action of the photo in i t i a tors according to the 
ir ention by adding known thermal inhibitors and anti- 
oxidants such as, for example, hydroquinone or hydroquinone 

■srivatives, pyrogallol, thiophenols, nitro compounds, 
. i - ■* h t h y I a n i n e s or B-naphthols, in conventional amounts. 




- 13 - 

S:ch additions are intended, above all, to orevent ore- 
nature polymerization during production of the systems 
t'TO'i-jh mixing of the comoonents. 

In addition, small amounts of light stabilizers 
jc w as, for -xanole, benzophenone derivatives, benzo- 
irijole derivatives, te t r aal ky lo i per i d i nes or phenyl 
sali:/lates, can be added. 

In order to exclude the inhibiting action of 
atmospheric oxygen, paraffin or siailar waxy substances 
10 are -requently also added to photopol ymer i zable systems. 
As a consequence of poor solubility in polymers, these 
float at the beginning of the pol yner i za t ion and form a 
f-iaarent surface Layer which prevents entry of air. It 
i: '.so possible to deactivate the atmospheric oxygen, for 
15 r ici-ie by introducing autoox id izable groups, such as, for 
>xaarle allyl groups, into the system to be cured. 

The photoini tiators according to the invention 
can also be used in combination with known free-radical 
initiators such as, for example, peroxides, hydroper- 
20 .^id?s, ketone peroxides or percarboxy I a tes . In addition, 
they can contain pigments or dyes, as are customary, for 
example, in photochemical ly curing printing inks. In this 
case, the amount of pho to i n i t i a tor is chosen to be higher, 
fcr example 6 to 122 by weight, whereas 0.1 to SZ by 
25 ,e:ght are fully sufficient in most cases for colourless 
ohotooolymer i zable products. Oepending on the intended 
application, fillers, such as talc, gypsum or silica, 
fibres, organic additives, such as thixotropic agents, 
levelling agents, binders, lubricants, flatting agents, 
30 .lasticirers, wetting agents, silicones for improving the 
surface quality, antifloating agents or minor amounts of 
olvents can be added. 

Suitable known pho to i n i t i ator s which can be used, 
f jporopriate, together with the initiators according to 
7< :e invention, are, for example, benrophenones , such as, 
for example, Hichler's ketone £4,4' -bis<d ime thylamino)- 
be- :opher.on-l, 4,4« -b is(d iethylamino)benzophenone, o- 
. -e lylaainobenzophenone, p-c hlorobenzophenone and 
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ben nophenone ; anthra Qui nones, such as, for example, 
ir ,u .raquinone, 2-chloroan thraqu inone and 2-alkylanthra- 
ou : :res; xanthones, such as, for example 2-haloxanchones 
0 r 2-^*. kylxanthones; thioxanthones, such as 2-chlorothio- 
5 jnchone and 2-a I ky I th i ox an t hones ; acridanones, such as, 

for example, 2-alkylacridanones or N-substituted acr ida- 
nor.°s; benzoins, such as, for example, p-d i me thy I am ino- 
be:--jin and alkyl ethers of benzoin; benzil ketals, et- 
nas ketones, dialkoxyacetoohenones, a-hydroxyatkytphenones 
iC and a-arainoalkylphenones, as described, for example, in 
German Offenlegungsschrift 2,722,264 and European Offen- 
legungsschrift 3,002, and furthermore, for example, 
fluorenones, dibenzosuberones, p hen an threnequ i nones and 
berroates, such as, for example, hydroxypropyi benzoate 
15 and benzoyl benzoate acrylate. Mixtures with known ini- 
ti?tcrs generally contain the coreactive photo i n i t i a tors 
to ; * used according to the invention in proportions of 
at Least 10X by weight, advantageously from 50 to 95* by 
weight relative to the total amount of the initiator 
20 fixture employed. 

Besides the pho to i n i t i a tor s according to the 
invention, it is advantageous to employ reaction acceler- 
ators in the oho topolymer i zabl e systems. Examples of such 
coacounds which can be added ar» organic amines, phos- 
25 phines, alcohols and/or thiols all of which have at least 
one CH group in the a position to the heteroatom. For 
example, primary, secondary and tertiary aliphatic, aro- 
aatic, araliphatic or heterocyclic amines, as described, 
for example, in U.S. Patent 3,759,807, are suitable. 
30 ixaaples of such amines are butylaaine, dibutyl amine, tri- 
utylaoine, eye lohexy I amine, benzy Id imethyl ami ne, dicyclo- 
hetylaaine, triethanolamine, N-me thy Idiethanol am ine, 

^nyldiethanolamine, piperidine, piperazine, oorpholine, 
pyridine, quinoline, ethyl p-d imethyl aminoberizoate, butyl 
5T '-diaethyt aoino benzoate, 4 , 4 ' -b i s < d i me thyl am i no ) - 

nroohencne (Michler's ketone) or 4 , 4 • -b i s ( d i e t hy I am i no ) - 
z -* noohenone . Particular preference is given to tertiary 
■■■2 nes such as, for example, t r i oe t hy I am i ne, t r i i sopropy I - 
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acine, t r i bu t y I am i ne , oc t y I d i oe t hy I am i ne , dodecy Id iaethyl - 
j- tr iethanolaoine, N -me t hy I d i e t h ano I am i ne , N-butyl- 

di - ■hanolaoine, t r i s ( h y d r o x y p r ooy I ) am i ne , and alkyl 
di.-!?:. ytaaino benzoate. Further examples of suitable reac- 
jccelerators are trialkyl phosphines, secondary alco- 
hols and thiols. The addition of reaction accelerators of 
these types can take place in amounts which are conven- 
tional for them. 

Photopol ymer i zable systems which additionally 
cofi.ain a tertiary organic aaine as reaction accelerator 
repr-sent a particularly preferred fora of the present 
:nven». : on. 

The terra "pho topol yner i z a t i on of e t hy I en i cal I y 
unsaturated compounds" should be understood in the broadest 
»e--e- It also includes, for example, further polyaeriz- 
3tion or crosslinking of polymeric materials, such as 

'^pclycer s, the homo-, co- and terpolyaer i zat ion of simple 
ronoaers and also the combination of the types of reaction 

ent ioned . 

The pho topol ymer i zat ion can be initiated through 
the action of high-energy irradiation, preferably UV light, 
on the pho topol ymer izable systems, containing coreactive 
oho to i n i t i a tor s according to the invention. The photopoly- 
-.erization takes place by methods which are known per se, 
through irradiation with light or UV irradiation in the 
<#a.elength range from 250 to 500 nra, preferably 300- 
*00 na. Irradiation sources which may be used are sunlight 
or artificial-light lamps. Mercury high-pressure, medium- 
pressure or low-pressure lamps and xenon and tungsten 
Laaos, for example, are advantageous* 

The pho topolymer i za t ion using the pho to in i t ia tor s 
:c cording to the invention can be carried out either 
-^t.hwise or continuously. The duration of irradiation 
^oends on the way in which the pho topol yaer i zat ion is 
jrried out, on the type and quantity of polymer i zable 
-aterials employed, on the type and concentration of 
- 'otoinit iatc-s used, and on the intensity of the light 
urce and can be in the range from several seconds to 
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cnutes, such a<, for example, on irradiation curing of 

jalings, bi;c may also be in the hours region in the case of 
large batches such as, for example, in bulk pol yme r i z a t i on . 

The compounds of the formula I according to the 
invention are preferably used as photo in i t iators in UV cur- 

of thin coatings such as, for example, paint coatings, 
cr all materials and substrates which are conventional for 
cnis. These can primarily be paper, wood, textile sub- 
strates, plastic and metal. An important area of applica- 
tion is also the drying or hardening of printing inks and 
screen printing materials, of which the latter are prefer- 
aal* -mployed in surface coating or shaping of, for ex- 
ci.nple, cans, tubes and metal sealing caps. As a consequence 
of he substantial to complete absence of free initiator 
• ac -als after pho topol yme r i zat ion has taken place in sys- 
tems to which coreactive photo in i t i a tors according to the 
invention have been added, the systems are particularly 
suitable in areas of application where diffusion of such 
radicals into media surrounding the corresponding final 
oroducts is to be excluded, for example when packaging 
which is provided with pho topolyoer i zed coatings comes into 
contact with foodstuffs. 

The essential classes of the coreactive photo- 
initiators according to the invention, typical represen- 
tatives and the preparation and preferred manner of use 
tf.ereof are shown below. 



Compounds of the subforaula II 



RG-A O 



having the abovenent ioned aeanings for the particular sub- 
3G stituents essentially reoresent the particularly preferred 
Tr-active ohotoinitiators of the hydroxyalkylphenone type 
* and 9 4 are Cj.^-alkyl, R 5 is OH) and the a.ino alkyl- 
enone type <R 5 is, if appropriate, also alkylsubs t i tuted 
sine), and in addition coreactive derivatives of benzoin 
o:h-rs ( R" is phenyl, R* is H, Ct-u-alkyl or phenyl, R 



i 
* 
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3 c 5 

-, f i «?-alkoxy), benril Vetals ( R is phenyl, R and R 

3 

aro alkoxy) and d i a I koxy ace t oohenones CR is H, 

C^j.-aUyU R 4 and R 5 are C ^ . 12 " a 1 *°* * } • 

Besides the f unc t ional i za t ion of conventional 
5 -hotc ini t ia tors which are commercially available or can 
be oreoared by known methods, particular importance is 
attached in the preparation of compounds of the formula II, 
i.*: particular in the preferred hydroxyal ky Iphenone and 
a» *-.?al kylphenone derivatives, to the preparation from 
10 appropriately substituted precursors on which the photo- 
initiators are based, an analogous procedure to methods 
h : jh are known for this purpose being followed. These 
.ds are described in detail, for example, in German 
Of i entegungsschr i f t 2,722,264 and European Of f enlegungs- 
15 schii^t 3,002. Coreactive hydroxyalkylphenone derivatives 
c:n oe obtained, for example from suitable phenyl deriva- 
ti/e* which already contain the spacer group A and the 

actional group RG or appropriate precursors, by carrying 
■ -t a Fr iedel-Craf ts acylation using an appropriate acyl 
2. talide in order to introduce the active pho to i n i t i a tor 

structure or a precursor thereof. Phenyl derivatives which 
can be employed as suitable starting materials are, for 
example, phenol, phenyl thiol, phenoxy ace t i c acid and aor.o- 
or polyethoxylated phenol, such as 2-hydroxye thyl phenyl 
25 sther. For the F r iedel-Craf ts acylation, it is advisable 

: -i son? cases to protect the terminal functional groups by 
suitable protecting groups which can be removed later, 
such as by acylation in the case of the OH group. Aniline 
derivatives can be acylated under Vilsmeier conditions, 
30 ->r «?ra«ple using H,N-d ime thy t i sobu tyrao i de and phosphorus 
rtyc'ilor ide. 

In order tc produce the active pho to i n i t i a tor 
structure of the hydroxyalkyl phenone type, an acylation 
■an be carried out, for example, using isobutyryl halide or 
3 r -x chloroisobutyryl halide and subsequently introducing the 
f cxyl, alkoxy or alkanoyloxy group. Thus, for exaoole, 
-.-ied.l-Crjfts acylation of acylated 2-hydroxye thy I phenyl 
her using isobutyryl chloride and subsequent broaination 
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hydrolysis on the tertiary carbon atom leads to the 
-□pound 2 -hydroxye thoxy )pheny I 2 -hydroxy -2-propy I 

O CH 3 

HO-CH 2 CH 2 -°-\_> C " C " 0H { 1 Ia > 

< H 3 

5 The compound lia, which has already been described 

. * .- se and as a photoinitiator for aqueous systems in 
German Of f enl egungs s c h r ; f t 3,512,179 is of central import- 
ance '.?re since, due to the terminal OH group, it is cap- 
*ble, on the one hand, of coreactivity in the sense of 
1C :hr nvention, but, on the other hand, can also serve as 
an intermediate for a large number of further coreactive 
photo in i t iators which are derived from this and which con- 
*ain other functional groups. 

This compound is also especially suitable as a 
\ 15 . treactive photoinitiator in hybrid binder systems. Such 
• i/stens vsry generally contain at least one thermocuring 

component and one pho toe hem i c al I y curing component. The 
thermocuring component is normally a two or mul t i component 
reaction resin, preferably of the pol yol /poly i socyana te 
, 23 type. Suitable photochem i cal ly curing components are all 
Ticr.omeric, oligomeric or polymeric unsaturated compounds 
which are conventional for this purpose, and combinations 
thereof, whose polymerization or crosslinking takes place 
through the influence of high-energy irradiation and with 
25 the aid of the photoinitiator. Such hybrid systems can be 
obtained by mixing all the components, the isocyanate com- 
ponent, as usual for polyure thane-form ing reactive resins, 
xpediently not being added until just before use in orde:* 
:o p- ?vent ;renature curing of the the rmopol ymer i z i ng 
30 oaoonent. Coatings produced using such hybrid systems are 
:red by initially irradiating them in a fashion which is 
co-.ven t ional for radiation-curing systems, rapid surface 
J *ying and curing of the coating being achieved. The fully 
■jrec* state is reached after coopletion of the thermal 
re . ction, which can also be accelerated by applying heat. 
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Th^ advantage of these systems over slow-drying systems on 
a purely thermal reactive resin basis is the considerable 
saving in time and energy; the coated articles can be 
s:oc\ed i nmeu i a t e I y or further processed aore quickly. 

The advantage of the coreactive ohoto in i t ia tors 
according to the invention, such as compound Ila, on use in 
^brid binder systems is that, in contrast to conventional 
oht .0 i n i t ia tors , virtually no photo in i t i ator residues or 
pi-ccolysis products thereof can be detected in the fully 
cured polymer material, as shown by extraction experiments. 
Accordingly, the polymer products exhibit a relatively high 
final hardness. Adverse effects due to the initiator such 
as, for example, odour or yellowing, are not observed. Due 
to the coreactive OH group, the photo in i t ia tor according to 
the invention is incorporated covalently into the polymer 
aaterial through reaction with equivalent amounts of the 
is*tyanate component of the thermally curing component in 
tie hybrid binder system. 

Compound Ha can also be fixed covalently in both 
purely radiation-curable systems and in hybrid systems 
through es ter i f i c a t i on by means of carboxylic acid group- 
containing components. Examples of such components are, 
for example, terephthalic acid, pyromellitic acid and 
anhydrides thereof, and oligomers or polymers which are 
derived from these compounds and contain at least one free 
carboxylic acid function. 

Coreactive photoin i t i a tcrs according to the 
invention which are derived from compound Ila are, for 
example : 

. 4-C2-(oxiranylmethoxy)ethoxy]phenyl 2-hydroxy-2- 
oropyl ketone 

O o CH- 

CH 2 -CT-CH 2 -O-CH 2 CH 2 -0- f Vc-C-OH (lib) 

* - ?4-al I yloxyethoxy) phenyl 2-hydro x y-2-propy I ketone 

O CH- 

tr I J 



>-o-< 

^3 



:r 2 =ch-ch 2 -o-ch 2 ch 2 -o-^_^ -c-c-oe die) 
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--t2-(3-triethoxysUylproooxy>ethoxyJphenyl 2 -hydroxy -2- 
proc v l ketone 

O CH. 
Vc-C-OH (I Id) 



5 a-(2-ao inoethoxy ) phenyl 2-hydroxy-2-p rocy I ketone 

O CH. 

Vc-C-OH (He) 



-(2-azidoethoxy) phenyl 2 -hydroxy -2 -propyl ketone 

O CH- 

C\ " I 
Vc-C-OE <" f > 

=3 

The compounds lib and He :an be obtained froo Ila 
10 through reaction with ep i c h I orohydr i n or allyl brooide. 
Coapound tld can be obtained froo lie through subsequent 
reaction with tr i e thoxy s i I ane . 

Coapound He can be prepared, for exaople, by 
hydrogenat ion of Ilf. 
15 Coapound Ilf is obtained by reacting the p- 

t^uenesul fonate of Ila with sodiua azide. 

The epoxy-func t ionalized photo in i t i a tor lib can 
advantageously be eoployed, in particular, in hybrid binder 
systeas whose theroocur abl e component is a reactive resin 
10 of the epoxy type. Due to the epoxy function, lib or its 

ohotolysis products are bound virtually coapletely into the 
-r.ty polymer of the binder system. 
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The photo in i t i a tor lie which is funct ional ized with 
or unsaturated c omoor. en t can be c ooo I y me r i zed with unsatu- 
f j^c components of any r ad i a t i on -c ur ab I e compositions- It 
r jn also be theraally oolymericed itself. The resultant 
co'vaeric photo in i t iator can be added to radiation-curable 
coioos i t ions, where it remains migration-resistant, due to 
::i rrolyraeric character. It can also be initially applied 
on. v is a polymeric initiator coating to a substrate. A 
Dhco-urable paint coating which is applied on top and 
which does not require any further addition of initiator 
can then be cured with excellent substrate adhesion. 

The s ilyl-f unc t ional ized initiator lid can be 
eaoloyed in an analogous fashion, its use bringing 
advantages primarily in the coating of inorganic substrates 
such as metals, glass or other silicate materials, due to 
adhes i on- improv i ng silyl groups. 

Compound He can be employed analogously to Ha; 
ccnocund Ilf is highly reactive due to the *zido group and 
•s caoable, for example, of insertion reactions. 

The carboxylic ac id-f unc t ion.il i zed photo in i t i a tor 
4-Chydroxycarbonylme thoxy ) phenyl 2-hydroxy -2 -propyl ice lone 

O CH- 

Vc-C-OH (Ug) 
k 3 

allows fixing by reactions which are typical of carboxylic 
acids such as salt formation, es ter i f i c a t i on, acid amide 
formation etc. Fixing by es ter i f icat ion with mac roool ecul ar 
oolyhydroxyl compounds, such as cellulose and related 
materials is particularly important. 

In materials which have been modified in this 
fashion, a very high initiator concentration is achieved 
at the surface which is very advantageous for subsequent 
?u-ther modification using pho topolymer i zable materials,, 
u-ch as in ohoto i n i t i a t ed grafting of monomers 
'oho togr a f t ing** ) . 

The following coreactive pho to i n i t i a tor s can be 
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3 r soared in an analogous fashion and can be used like the 
ibovement ioned cotnoounds: 

^-Jllyloxyphenyl 2-hydro*y -2 -propyl ketone 

O CH- 

Vc-C-OH (Ilh) 
CH 3 

t*-ox i ranylae thoxypheny I 2-hydrox y-2-p ropy I ketone 

0 0 CH-j 

/\ " I 



CH 2 -CH-CH 2 -0- -C-C-CH 



(Hi) 
CH 3 

4-C3-(trietho:«ysUyl)propoxy]phenyl 2-hydroxy-2-propy I 
ketone 

O CH- 
it I ■» 



( C 2 H 5 0 ) 3 Si- ( CH 2 ) 3 -0- Q> -C-C-OH 



CH 3 (II i> 

<■ --C2-( 3-tH e t hoxys i I y Ipropy I th io ) e t hy I ]pheny I 2-hydroxy-2- 
propyl ketone 

O CH^ 

(C 2 H 5 0) 3 Si-{CH 2 ) 3 -S-(CH 2 ) 2 -^^ -C-C-OH 

^ (Ilk) 

'-(2-chloroethoxy )phenyl 2-hydroxy-2-propyl ketone 

0 CH 3 

CI-CH--CH--O-/ Vc-c-oh 

2 2 \=/ I (III) 
CH3 

15 4-(ox i ranylae thoayc a rbony lae t hoxy ) phenyl 2-hydroxy-2 -propyl 
ketone 

A O O CBL 

/ \ - J—\ " I 

CH , -CH-CH-, -O-C-CH- -O-f y- C-C-OH 

2 2 2 W I (II.) 

CT 3 
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c-ox i ranylae thoxypheny I a- i s op ropo x ybenz y I ketone 



/°\ ? O-CHCCH^ 

CH 2 -CH.CH 2 -0- (^^'^'{^ ( £ In ) 

4-C5-(trieti;oxysilyl)proooxy3phenyl a-isooroooxybenzyl 

ketone 



O O-CH(CH-)- 
n i ^ 



( C 2 H 5 0 ) 3 S i - ( CH 2 ) 3 -O- £^ -C-CH- £^ 



(Ho) 



^-oxiranyloethoxyphenyl a,a-d i ae thox ybenzyl Ice tone 

4-C3-( tr ie thoxys U yL ) propoxy] phenyl a,a-d ioet ho xy benzyl 

ketone 

O OCR, 

)' c ' c \3 

4-(2-isocyanatoethoxy)phenyl 2 -hydroxy -2 -propyl ketone 

O ch 3 

0=C=N-CH~-CH--O-{ Vc-C-OH 

2 2 W i (Ilr) 
CT 3 

4-(2-isothiocyanatoethoxy)ohenyl 2-hydroxy-2-propy I ketone 

O CH- 

S=C=N-CH 2 -CH 2 -0-^-C-C-OH (MsJ 

CH3 

i-(2-hydroxy-2-aethyloropionyl )phenoxyace taoide 
CH 3 O 

(lit) 

HO-C Q -\_J "0-CH 0 -CO- 



CT 3 
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c-C-hydrcxy-Z-aethyLorooionyUohcnoxyacetohydrazide 

KO-C C- /_Vo-CH 2 CO-KHNH 2 ( ! tu , 

CH 3 

N -C4-(2-hydroxy-2-aethylpropionyl > phenoxy ac e ty I ]- 
hydroxy Uoine 

CH- 0 

HO-C C-ZJ^-O-C^-CO-NEOH ( IIv ) 

H-C 4- ( 2-hydroxy-2-ae thy I pr op i ony t ) phenoxy acetyl J-M # - 

acr> Loylhydrazine 
CH- 0 

ro-c — c- / y -o-ch^co-nhnh-co-c^c^ 

CH 3 

4-isocyanatoaethoxyphenyl 2-hydroxy-2-propy L ketone 

O CH 3 



0=C=H-CH 2 -O.^J- C-C-OH 

vinyl 4-<2-hydroxy-2-nethylpropionyl )phenoxy acetate 
CH^ O 

HO-C C- -0-CH 2 -CO-0-CH=CH 2 ( 1 1 y ) 

Conpounds of the subfor«ula IM. 

O 
ii 

rc -a — Cr c Y^ — 



S " 



laving the aboveaen t ioned aeanings for the respective 
:ubstituents represent the likewise particutarly preferred 
coreactive pho to in i t » a tor s of the th iox anthone type. 

Starting .ateriats for these are coa-ercially 
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t -(2-h>pro»y-2-«thylBrooionyt)oheno»yacetohydratide 



CH- O 

HO-C C-f Vo-C^CO-NHN^ (IIu) 

N-C4-(2-hydroxy-2-aethylpropionyl ) phenox yac e ty L ]- 
hydroxylamine 

CH-* 0 

HO-C C-f ^-O-C^-CO-NHOH (IIv) 

N-C 4-(2-hydroxy-2-oe thy L prop ionyUphenoxy acetyl ]-N f - 

a„cryloylhydrazine 
CH^ 0 

HO-C C- ^-O-^-CO-NHNH-CO-^C^ (Uw) 

CH3 

t-isocyanatoaethoxyphenyl 2-hydroxy-2-propy I ketone 



O CH 3 



° H CXI,) 



CH 3 

vmyi 4-(?-hydroxy-2-oethyloropionyl>phenoxyacetate 
CH^ O 

HO-C C- ^^-0-CE 2 -CO-0-CH=CH 2 ( Uy) 

Coaoounds of the subforaula lit 

O 
tf 

RG-A CfY C in R 2 




S 



j< saving the above-ent ioned meanings for the respective 

substitutes represent the likewise particularly preferred 
coreactive oho to in i t i a tor s of the thioxanthone type. 

Startina -aterials for these are commercially 
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available thioxanthone photo in i t i a tors , or derivatives 
thereof, which are oredestined for sioole introduction of 
the spacer group A and functional groups RG. Particularly 
suitable such starting aaterials are 2-chloroth ioxan thone 
and 2-hydroxyth ioxan thone. 

The hydroxyl -f unc t ional ized oho to i n i t i a to r 
2-(2-hydroxyethyl th io) th ioxan thone (Ilia) 
is obtained by reacting 2-ch loroth ioxan thone with, for 
exaaole, 2 -mer c ap toe t hano I . 

The aaino- functional ized photoinitiator 
2-C2-aoinoethyl thio) th iox ar thone ( I I lb) 
can be obtained in a sioilar fashion. 

Both coapounds can be eaployed entirely analogously 
to coapound Ila as coreactive photoin i t iators, in par- 
ticular also in hybrid binder systems. 

Compounds Ilia and Illb, likewise entirely 
analogously to coapounds Ila, can also in turn serve as the 
starting oaterial for further coreactive photo in i t iators 
having other functional groups. Thus, the photo ini t i ators 
2-C2-(acryloyloxy)ethyl thic3 th ioxan thone C I lie) 
2-C2-(acryloylaeino)ethyl th io3 th iox ant hone ( I I Id) 
2-C2-(allyloxy)ethylthio3thioxanthone (Ille) and 
2-C2-(allyla«ino)ethyl th io]th iox an thone < 1 1 If ) 
which are f unc t ional i zed by an unsaturated grouo can be 
obtained, for exaaple, through reaction with acrylyl 
chloride or allyl brooide- 

These coapounds are highly suitable as photo- 
initiators which can be copol yaer i zed with unsaturated 
coaponents of radiation-curable coapos i t ions . However, they 
can also be theraally polyaerized by theaselves and used as 
nntvpnV phnfainifiators as described for coapoun d lie. 

Clsocyanate-funct ional ized photo in i t i a tors^ such as, 
for example 

2-C2-<6-isocyanatohexylaoinocarbonyloxy)ethoxy 3 thioxanthone 
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O 



O 



11 



ii 



0=C=N- ( CH 2 ) 6 -NH-C-C-CH 2 CK 2 -0. 




< Iltg) 



cjn be obtained by reacting ilia with an eouivalent aaount 
o: j di'rocyanate. Covalent binding into the radiation- 
curable polymer system can take place through reaction of 
5 the isocyanate group with OH groups of the components. Use 
in hybrid binder systems which contain, as thermocurabl e 
component, a ool yure t h ane- f o rm i ng reactive system is par- 
ticularly favourable. The isocyanate-functionalized 
photo in i t iator can be mixed here with the isocyanate 
^0 hardener of the reactive resin component, and this mixture 
can be used, as it were, as a "hybrid hardener". 



corresponding compounds of the subfornula II, epoxy-, silyl- 
and carboxylic acid- functional i*ed thioxanthone derivatives 
15 can be obtained and correspondingly employed, such as, for 
example, the compounds 

2-(oxiranyliaethoxy)thioxanthone ( r . 1 1 h ) and 
2-C3-(triethoxysilyl)proooxy]thioxanthone (Illi). 
Example 1 

ZD 4-<2-Hydroxyethoxy >phenyl 2 -hydroxy -2 -propyl ketone (Ha) 
a) 336 g (3.2 mol) of isobutyryl chloride are added 



In an analogous fashion, as described for the 
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dropvise over the course of 40 minutes while stirring to 
880 g (8.8 mol) of anhydrous aluminium chloride in 480 
ml of dichloromethane at -5 to 0°C. 540 g (3.0 ool) of 
2-phenoxyethyl acetate are then added dropvise over the 
course of 2 hours at the same temperature. The reaction 
mixture is stirred for a further 2 hours at the stated 
temperature and then poured into a mixture of 1.8 I of 
concentrated hydrochloric acid and 5 kg of ice. The 
organic phase is separated off and the aqueous Icyer is 
extracted with dichloromethane. The combined organic 
abases are washed with water, dried and evaporated, 
jnd the residue is distilled in vacuo. 740 g of 4-(2- 
ace toxye thoxy )phenyl -2-orooy I ketone of boiling point 
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145-152°C/0.3-G.5 torr are obtained, 
b) 205 g C1.0 «ol) of t-(2-ac«totyethoxy)ohenyl 2-orooyl 
ketone are dissolved in 200 ml of glacial acetic acid, 
and 192 g (1.2 mol ) of bromine are added over the course 
5 of 2 hours with stirring at 25°C. The mixture is then 

stirred for about a further 10 hours and then poured 
into 3 I of ice water. The product is extracted with 
ethyl acetate. The contained extracts are dried, and 
365 g of a viscous oil are obtained by evaporation. This 
10 oil is dissolved in 1 I of ethanol, and 380 g of 32X 

strength sodium hydroxide solution are added over the 
course of 20 minutes with stirring at 25°C. The nixture 
is stirred for a further 10 minutes and the ethanol is 
then removed. The oily residue is transferred into 3 I 
15 of ice water, and this mixture is exr ... ^ . repeated'.y 

with a total of 1.5 I of ethyl acetarf?. A::.r drying, 
filtering and evaporating the solution 150 g of an oily 
crude product are isolated. Through recrystall ization 
from acetone/petroleum ether and/or chroma tograph i c 
20 purification, 145 g of 4-(2-hydroxye"thoxy >phenyl 2- 

hydroxy-2-propyl ketone are obtained in the form of a 
colourless solid of melting point 88-90°C. 
Example 2 

4-(2-allyloxyethoxy)phenyl 2-h yd roxy-2 -propyl ketone (lie) 
25 26.8 g (0.22 mol) of allyl bromide and 1.8 g of 

methyl tr ioctylaamon iura chloride as phase- t rans fer catalyst 
are added to a mixture of 44.9 g (0.2 mol) of Ila and 8-8 g 
(0.22 mol) of granulated sodium hydroxide in 300 ml of 
toluene, and the mixture is stirred for 20 hours at 50 C. 
30 The mixture is then extracted with toluene. Conventional 

work-up and chromatographic purification give 28.5 g of the 
analytically pure compound lie. 
£xaople 3 

4-C2-(Oxiranylmethoxy)ethoxy]phenyl 2-hydroxy-2- 

35 prooyl ketone (lib) 

Through reaction analogously to example 2, but 
using epichlorohydr in, compound lib is obtained. 
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£<jmole 4 

4-C2 (3-Tr iethoxysilyloroooxy>etho«y)ohenyl 2- 

hvdrr ./-2-propyl ketone (lid) 

5.3 g <0.02 hioD of compound lie, 4.9 g (0.03 sol) 
cf -ri.rho.ysiUne and 20 mg of platinum catalyst (norbor- 
nene acetylacetonate complex) in 50 ml of ethylene 
chloice are refluxed for 4 hours under nitrogen. After 
eva.«.-Jtion of the fixture and chromatographic purification 
cf ne residue, 3.4 g of the analytically pure compound lid 
are lotained. 
Eivaple S 

4-(hyoroxycarbonylmethoxy)phenyl 2-hydroxy -2 -propyl 
xetone dig) 

612 g of compound tig of melting point 131-134 C are 
l0t ;.ned analogously to Example 1 from 931 g (5.6 «ol> of 
aetV'l phenoxyacetate by Fr iedel-Craf ts acylation using 
657 g (6 2 mol) of isobutyryl chloride and subsequent 
broomation and hydrolysis. 
Example 6 

4-(2-Hydroxy-2-methylpropionyl)phenoxyaeetamide 

(lit) 

75.0 g of 25Z strength ammonia are added dropwise 
with stirring to 25.2 g (0.1 -ol) of methyl 4-( 2-hydroxy-2- 
BothylpropionyUphenoxyacetate (obtained by esterifying 
compound Ilg using methanol) in 50 ml of dioxane. After 
being stirred for 2 hours, the mixture is evaporated to 
solidification. The crude product is recrystall ized from hot 
water, 22.1 g of compound lit of melting point 139°C being 
obta ined. 
_x ample 7 

4-(2-Azidoethoxy)phenyl 2-hydroxy-2-propyl ketone 

:: f f ) 

37.8 g (0.1 mol) of 4-(2-p-toly Isulf onyloxyethoxy >- 
c^nyl 2-hydroxy-2-propyl ketone (obtained by reacting 
conoound Ha with p-toluenesulf onyl chloride) and 9.8 g 
(0.15 »ol) of sodium aride are stirred for one hour in 100 
s - of ONSO at 60°C. Through extractive work-up using water 
,r.d ether or oethyl t-butyl ether, 22.4 g ofco-pound Hf 
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i-o obtained as a Dale yellow, readily mobile oil. IR: * = 

i -.4 j" 1 (H 3 ) . 
£ < ano 8 

1- Al I yloxypheny I 2-hydroxy-2-propyl ketone (Uh) 
0 .6 g (0.22 ool) of sodium hydride (80Z strength in 

?ar :ftin oil) are added in portions to 36.0 g (0.2 ool) of 
4-hydro*yphenyl 2-hydroxy-2-propyl ketone in 450 ml of 
dinet!*,:. sulfoxide under an inert gas and the mixture is 
stir, i for 15 minutes at room temperature. 26.8 g (0-22 
ao.j of allyl bromide in 40 ml of dimethyl sulfoxide are 
then a<<ded dropwise at 30-40°C, and the mixture is stirred 
for r minutes. The reaction mixture is poured into 2 I of 
va:*i and then extracted with methyl t-butyl ether. By 
re«ov^ng the solvent, 41.5 g of compound Uh are obtained. 

ill ple 9 

4-0xiranylmethoxyphenyl 2-hydroxy-2-propy I ketone 

(in) 

Analogously to Example 3, 6.8 g of the analytically 
compound Hi of melting point 54°C are obtained from 
. .0 g (0.2 mol) of 4-hydroxypheny I 2-hydroxy-2-propy I 
ketone and 19.0 g (0.2 rnol) of ep i chlorohydr i n . 
Example 10 

4-C3-(Triethoxys i I y I )propoxy ]-pheny I 2-hydroxy-2- 

prooyl ketone (Ilj) 

Analogously to Example 4, 10.2 g of the analytic- 
ally pure compound Ilj are obtained from 14.3 g (0-065 aol) 
rf iig and 16.0 g (0-0975 mol) of t r i e thoxys i I ane- 
-xaaple 11 

2- (2-Hydroxyethyl th io) th i ox ant hone (Ilia) 

5.6 g (0.0225 mol) of 2-chloroth ioxanthone and 2.6 
(0.0225 mol) of the potassium salt of 2-mer captoethanol are 
stirred for -8 hours in 20 ml of N,N-dimethylacetamide at 
100°C. The reaction aixture is then poured into 2N hydro- 
chloric acid and extracted with ethyl acetate. After con- 
ventional work-up and chromatographic purification, 3.5 g 
of :he analytically pure compound Ilia of melting point 94 
jre obtained. 



o 
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r<2-A.»«o e thylthio)thio«antho.»e tlllb) 

,7 0 9 <0.15 •oil of cysteaminiu- chlor-de and 
19 S ■ (0-3 ..l) of potassium hydroxide are boiled for 3 

; \r\ water separator in 180 ml of ^Uene. (0.1 
I , ,. f 2 - C hlorothio*aothone and 180 -V of dUethylprooyl- 
.„.-.-« are added to the evaporated residue, and the 

I stirred for 20 hours at 100°C. The reaction .ixture 
"poured into 1 I of 2N hydrochloric acid and the aoueouS 
Phase is extracted with ethyl acetate. The aqueous phase 

adjusted to PH 10 and extracted with ethyl acetate 
;.r*-p .f the organic phase gives 2.-0 g of the analytic- 
ally oure compound Illb. 

Tc2-(acryloyloxy)ethylthio]thioxa n thone (UXeJ 

6.8 g (0.075 ..I) of acrylyl cn-.oride in 30 .1 of 
t , u eoe are added d^opwise with stirring to H.O . C0.0S 
a0 l, of co.pound Ilia, 6.0 g of pyridine and 0.07 g o 

«thoxyphenol in 150 .1 of tol t -co* te.peratur 

After tirring for 3 hours at 50°C 5.0 .1 of water an 2 
ol of ethyl acetate are added to the »i*ture. Wor.-up ft 
jr9 anic phase and chromatographic purification give 5 0 . 
the analytically pure co-pound IIIc of melting point 
71°C. 

Example 14 ,,.,,>> 
Tc2-(Acryloyla a ino)ethylthio3thio.anthone Cllld) 

Analogously to .xa.ple 10, 4.6 g of the analytic- 
,Uy pure co-pound Hid of -elting point 161 C are «b- 
tald fro. 14.5 . <0.05 -D «< ™ d Illb and 5.0 g 
:0.055 boU of acrylyl chloride. 

Exaaple 15 

PoLvoeric photoinitiator 

* <0.05 ..O .< l -H-«.«r»l.rl..»».«»'»-'- 

,»,;. ...... «- «.« ' •« dib ""' 1 :„;:;« 

mri m\ of toluene. The polyaenc 
refluxed for 20 hours in 100 -l of toi 

•**>A hv reorec ip i tat ion froo 

„.*,«« «r..«d r s oo>dtr _ 

whose average .olecular weight is oe 
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* neans of gel -perinea t ion chrooatograohy, is obtained. 

Cxjiolcs 16-21 below Illustrate the use according 
co *e invention of the coreactive pho to in i t ia tors in 
rsdlizicn curing of photopolytaer izable binder systems. 
5 :* <_cr. -6 

Hybrid binder system 

hybrid binder system comprising 40.5 parts by 
v*:e*t of a hydroxyl group-containing polyacryla te/abou t 
6SZ strength in butyl ace tate/xylene <Desmopherr y A 365, 

10 Messrs. Bayer AG), 17.0 parts by weight of an aliphatic 
poly isocyanate/about 75X strength in me t hoxypropy I 
^cetate/xylene (Oesmodur® N 75, Messrs, Bayer AG), 30.0 
parts by weight of an acrylated polyurethane prepolymer 
(VPS 1748, Messrs. Oegussa AG ) A 20.O parts by weight of 

15 fcexaiediol diacrylate, 7.5 parts by weight of pentaery- 
fritcl triacrylate and 5.0 parts by weight of the 
hydroxyl-funct ional ized pho to in i t i a tor Ha was prepared 
by a'x^rg Lhe components, the poly i socy ma te not being 
a:oed until just before use. 

cQ The ready-to-use hybrid binder systeo was applied 

in a coating thickness of 50 ua using a spiral hand coater 
orto glass plates (10 x 10 cq). After a drying time of 
5 minutes, the coatings were cured using a UV irradiator 
(Messrs. Beltron), through which the plates are fed on a 

25 conveyor belt at a belt speed between 2.5 and 40 a/min 
under two Hg med i ua-p res sure lamps of power 50 watt/cn 
each dt a distance of 10 ca. 

At belt speeds between 2.5 and 15 a/rin, solid paint 
coatings with a dry surface were obtained immediately. 

30 Theraal post-curing of the polyurethane reactive 

r?sin component gave a final hardness of the coatings of: 

- for 20 hours/room temperature: 168 seconds 

- , : or 1 hour/60 3 C: 188 seconds 

- for 3 hours/60°C: 198 seconds 

35 (Konig pendulum hardness) 

After extraction of fully cured coating material 
•ith acetonitr ile, the proportion of initiator which is not 
bound into the material is determined by means of high- 



Best Available Copy 



- 32 - 

o.-essure Uouid c h r oma tog r aohy at a maximun of 3Z of the 
e-iginal amount eooloyed. 

In dn analogous fashion, equally good results are 
o.:s ; r>?u using initiators Ilia and Illb. 

E * aap I e 17 

UV-curable binder system 

ft UV-curable binder system comprising 60 parts by 
•eight f an acrylated polyurethane prepolymer (prepolymer 
•'SP ./48, Messrs. Oegussa AG), 40 parts by weight of 
;;exanediol diacrylate, 15 parts by weight of pentaery- 
^ritol triacrylate and 5 parts by weight of the photo- 
initiator lie which is f unc t ional i zed with unsaturated 
g-cups, was processed analogously to Examples 16 to give 
50 ua thick coatings and cured at a belt speed of 10 e/ain. 
The fully cured coatings obtained are entirely free of 
odo*'- and colourless. 

In an analogous fashion, equally good results are 
ot.i-ie- using initiators Ilh and Illc-IIIf. 
Ex. rpLe 18 

UV-curable pigmented binder system 

30 parts by weight of titanium dioxide (anatase) 
were incorporated homogeneously into 60 parts by weight of 
an acrylated eooxy prepolymer (Laromer^ PE 55 F, Messrs. 
8AS? AG) and 40 parts by weight of hexanediol diacrytate. 
4 parts by weight of the thioxanthone photo in i t i a tor IIIc 
which is functionalized by unsaturated groups and 8 parts 
by weight of N-methyld ie thanolaaine as coinitiator are 
subsequently stirred into the mixture. It was possible to 
Vrden the paint, applied to glass plates in a coating 

hickness of 12 ua at belt speeds between 2.5 and 20 m/min 
*nd an irradiation power of 120 W/cm to -ive solid coatings 
fcaving a dry surface. 

At a belt speed of 2.5 */min, the Konig pendulum 
hardness is 155 seconds. Paint films are odourless and 
yel low ing-f ree . 
cs aaole 19 

On curing at 2.5 m/min, the corresponding use of 
>ydroxyl-f U nctionalized thioxanthone photo in i t i a tor Ilia 
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„v, oatnt codings having a oenduluo hardness of 1<«9 
% e conds * 
Exaaole 20 

:y-curable binder system 

5 u was possible to cure coatings of thickness 50 um 

with a :ystem cocprising 75 parts by weight of ar. acrylated 
eooxy prepolyner (Larooer® EA 81, Messrs. BASF AG) and 25 
parts by weight of hexanediol diacrylate at a belt speed of 
2.5 in/Bin and an irradiation power of 80 W/co with initia- 

10 t;on using 0.5Z by weight of the thioxanthone derivative 

-111 which is functional ized by unsaturated groups and 2. OX 
br weight of N-nethyldie thanolaaine to give paint coatings 
"?/ing a penduluo hardness of 172 seconds. 
Example 21 

15 Coating curing using substrate-bound initiator 

A 25X strength ethanolie solution of the silyl- 
furct ional ized photo i n i t i a t or lid was whirler coated onto 
gU:> plates (5 x 5 cm), and the plates thus treated were 
\ h?*ted for 30 minutes at 190°C. The plates were then rinsed 

* : 2G .vith acetone and coated with a mixture of 75 parts by weight 
of an acrylated epoxy prepolymer (laroner^ £A 81, Messrs. 
8ASF AG) and 25 parts by weight of hexanediol diacrylate. 
A^ter UV curing at 3.75 o/oin and an irradiation power of 
! 120 W/ca and rinsing again with acetone, hard, very strongly 

25 adherent coatings of thickness 0.7-0.8 u« were obtained. 

Corresponding results are obtained using initiator 

Ilj. 
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•aims defining the invention are as follows: - 



Use of compounds of the foroula I, 

(I) 



RG-A-tN 

which O 

is a photoinitiator basic structure \^ 

R 

where 

R o 

R is -< 3 > -CkW or 4 (R 6, 2 . 



and 



R 1 is H, Ci-12-alkyl, halogen or the RG-A- group, 
or two R 1 radicals in the ortho position 

to the carbonyl grouo together are 

alternatively -S-, 
r 2 is H, halogen, C H2 -^ k ^ or Ci-i 2 --lko«y or 

the RG-A- group, 
R 3, r 4 in each case independently of one another 

are H, C^^-aUyl, C^^-alkenyl, C^u" 

alkoiy or phenyl, or together are C 2 - 6 - 

alkylene, 

^5 ^ OR 7 , M(R 7 ) 2 . -*^^' '^y , - B '~*\__/° or so 2 r7 ' 
r° I! C,. 6 -aU,l, C n . 6 -aUanoyl, phenyl or benzoyl, 
each of which is optionally substituted 
by halogen, C 1 - 6 -aUyl or C,- 6 -*l*oxy, 
R 7 is H, C,_ 6 -alkyl or Cl _ 6 -alkanoyl, 
is a spacer group It < CH 2 > 0 Y ]„-C (CH 2 ) B X] t 
where 

X, r and l. in each case independently- of one 
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so 



another, are a single bond -0-, -S-, -NH-, 
-CO-, -COO-, -CONH-, -0-CO-, -HH-CO- or 
-NH-C00-, 
I jnd a are the nuobers 1 to <- , 
n and o are the numbers 0 to 4 

is one of the functional reactive groups H0-, HS-, 
H 2 N-, halogen, HO-CO-, H 2 N-CO-, 0=C=N-, S=C=N-, N3-, 
SO3H, S0 2 Cl; R c R b C = CR a - where P.\ R b and R c are in 
each case H or CH 3 , and with the proviso that Z is 
not -COO- when n is 0 and R S is OR 7 ; RG is 
furthermore halogen, cyclooropyl, oxiranyl, 
0 = C=N-R d where R d is C ^-alkylene or phenylene, 
N*-^^-, (R e >3Si where R e is halogen, Ci_ 12 -alkyl, 
Cl-12-alkoxy or C -|_ i 2 -a Uanoy loxy 
as coreactive photo in i t i a tors for pho topol ymer i rat ion of 
systems containing ethylenically unsaturated compounds. 
2> use of the compounds of the general formula I 

according to Claim 1 together with known photo in i t i a tor s 
ard/or sensitizers. 

5. Use according to Claim 1 in radiation curing of 

-oatings containing UV-curable paint and binder systems. 

4. Use according to Claim 1 in radiation curing of 
hybrid binder systems. 

5. Process for photopolymer i rat ion of systems con- 
taining ethylenically unsaturated compounds, characterized 
in that at least one compound of the formula I is added as 
a coreactive photo in i t ia tor to the mixture to be poly- 
merited before initiation of the photopol y«er i rat ion. 

6. Process according to Claim 5, characterized in that 
0 1 to ZQX by weight of a compound of the formula I are 
added to the mixture to be polymerized before initiation of 

he ohocopolyaer i rat ion . 

7. Photopolymerizable systems containing at least one 
othylenically unsaturated, photopolymerizable compound and, 
if appropriate, further known and conventional additives, 
characterized in that they contain at least one compound 

of the formula I as a coreactive photo in i t i ator . 

8. Hybrid binder systems, characterized in that they 
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contain at Least one coooound of the formula I as a 
CO reac:ive photo in i t i a tor . 

9. Photooolymer i zable systems according to Claios 7 
and 8, characterised in that they contain 0.1 to 20Z by 

2 weight of a compound of the formula I. 

10. Use of compounds of the formula I as synthesis 
intermediates in the preparation of further-functional i zed 
photoinit iators and of radiation-reactive systems having 
covalently bound photo in i t i a tors . 

,;0 11. The compounds of the formula I 

4-C2-Coxiranylmethoxy)ethoxy]phenyl 2 -hydro xy-2 -propyl 

ice tone 

4-(2-alLyloxyethoxy)phenyl 2-hydroxy-2 -propyl ketone 
4-C2-(3-triethoxys i ly Ipropoxy )ethoxy3phenyl 2-hydroxy-2- 

15 propyl ketone 

4-C2-azidoethoxy)phenyl 2-h yd roxy-2 -propyl ketone 
4-(hydroxycarbonylmethoxy)phenyl 2-hydroxy-2-propy I ketone 
4-allyloxyphenyl 2-hydroxy-2 -propyl ketone 
4-oxiranylnethoxyphenyl 2-hydroxy-2 -propyl ketone 

20 '-C3-( triethoxysilyl)oropoxy3phenyl 2-hydroxy-2 -propyl 
ketone 

4-C2-(3-triethoxysilylpropylthio)ethyl3phenyl 2-hydroxy-2- 
oropyl ketone 

4-(2-chloroethoxy)phenyl (2-hydroxy-2 -propyl) ketone 
25 4-(oxiranylmethoxycarbonylmethoxy)phenyl 2-hydroxy-2-prooyl 

ketone 

4-ox iranylmethoxyphenyl a- i sopropoxybenzy I ketone 
4-C3-C triethoxysilyl)propoxy]phenyl a- i sopropoxybenzy I 
ketone 

30 4-oxiranyloethoxyphenyl a,a-d ime thoxybenzyl ketone 

4-C3-(triethoxysilyl)oropoxy]phenyl-a,o-dimethoxybenzyl 

< e t o n e 

4-C2-isocyanatoethoxy)phenyl 2-hydroxy -2 -propyl ketone 
4-C2-isothiocyanatoetho*y>phenyl 2-hydroxy-2-propyl ketone 
35 4-(2-hydroxy-2-methylorqpionyl)phenoxyacetaoide 

4.(2-hydroxy-2-methylpropionyl)phenoxyacetohydrazide 
«-C4-(2-hydroxy-2-methylpropionyl)phenoxyacetyl3- 

hydroxylamine 



M- ( 4- ( 2-bydroxy-2-methylpropiony 1 ) phenoxyacety 1 ] -N ' - 
acryloylhydraxine 

4-isocy ana tome thoxyphenyl 2-hydroxy-2-propyl ketone 
vinyl 4-(2-hydroxy-2-methylpropionyl) phenoxyacetate 
2 - ( 2 -hydroxye thy 1 thio ) thioxanthone 
2-(2-aminoethylthio) thioxanthone 
2-(2-(acryloyloxy) ethylthioj thioxanthone 
2-[2-<acryloylamino) ethylthiol thioxanthone 
2-[2-<allyloxy) ethylthioj thioxanthone 
2-[2-(allylamino) ethyl thio] thioxanthone 

2-[2-(6-isocyanatohexylaminocarbonyloxy) ethoxy) thioxanthone 
2-(oxiranylmethoxy) thioxanthone 
2-[3-(triethoxysilyl) propoxyj thioxanthone 

12. A method for photopolymerization of systems containing 
ethylenically unsaturated compounds, comprising conducting said 
photopolymerization with coreactive photoinitiators of the formula I shown 
in claim 1. 

13. The compounds of formula I as shown in claim 1, said compounds 
sybstantially as herein described with reference to any one of Examples 1 
to 14. * 

14. Binder systems substantially as herein described with reference 
to any one of Examples 16 to 21. 

DATED this 19th day of December, 1990 

MERCK PATENT GESEIXSCHAFT 
MIT BESCHRANKTER HAFTUNC 
By Its Patent Attorneys, 

ARTHUR S. CAVE 4 CO. 
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Abstract of the Disclosure 
Compounds of the formula I 

RG-A-IM (I) 

where 

IN is a photoinit iator basic structure 

A is a spacer group and 

RG is a functional reactive group 

and have the meanings given for these groups 
in the main claim, 
can be employed as coreactive photo in i t i a tors for photo- 
polymer i z a t ion of systems containing ethylen ically 
unsaturated compounds . 
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